Abstract -Using the time serial data of Shanghai from 1978-2010, this paper studies the long-term equilibrium relationship, shortterm dynamic relationship and Granger causality among Shanghai's urbanization, economic growth and the energy consumption. The results indicate that urbanization, economic growth and energy consumption are co-integrated and that in the long-run Shanghai's urbanization and energy consumption Granger cause economic development, and Granger reason running from urbanization to energy consumption and from economic development to urbanization, and that in the short-run there is bi-directional Granger causality between Shanghai's urbanization and energy consumption.
I . Introduction
The energy consumption is rising sharply with the rapid development of economy and the acceleration of urbanization in Shanghai City. The total quantity of energy consumption in Shanghai City was 54,994,800 tons of standard coal in 2000, and it increased to 111,608,700 tons of standard coal in 2010. Shanghai's energy is extremely scarce, taking the year 2010 as an example, the primary energy output of Shanghai City is only 723,900 tons of standard coal, and the vast majority of the required energy relies on the transfer from other provinces or the importation from other countries. It can be predicted that the economic growth and the further acceleration of urbanization in Shanghai City would inevitably lead to the sharp rise of its energy consumption, and the imbalanced state between energy supply and demand would be even more serious. Such restrictions on the energy input caused by the imbalance of supply and demand would inevitably affect the rate of economic growth and the progression of urbanization in Shanghai City. Therefore, the relationship among energy consumption, economic development and urbanization is studied by combining the situation of economic development and the progression of urbanization in Shanghai City, and the growth trend of energy demand is grasped on the basis of the study, so as to provide a scientific decision-making basis for relevant government departments, which has great significance for both the long-term planning of Shanghai's economy and the strategy making of energy development. Therefore, Shanghai City is taken as an example in this paper, according to the relevant annual data during 1978-2010, quantitative analysis on the relationship among urbanization, economic growth and energy consumption is carried out by applying the vector regression model (VAR) and the vector error correction model (VECM), and some relevant policy suggestions are proposed on the basis of empirical basis.
II . Literature review
Since the 1970s, the analysis on the relationship between energy consumption and economic growth has been an important research field for economic circles at home and abroad, its main focus is to examine the long-term equilibrium relationship, the short-term dynamic adjustment and the causality relationship between energy consumption and GDP by using various quantitative methods, especially cointegration and VECM model, thus to predict the future energy demand and the elasticity of demand. For example, Jumbe (2004) studied the co-integration relationship between the electricity consumption during 1970-1999 and GDP and the non-farm GDP in Malawi by using Johansen co-integration test, and analyzed their causality by applying the Granger bivariate causality test of VECM model [1] ; Paresh and Russel (2005) tested the causality between the electricity consumption during 1966-1999 in Australia and the economic development by applying VECM and result mutation analysis, and predicted the future electricity demand behavior [2] .
In the aspect of the study on the relationship between the energy demand and the economic growth in China, Boqiang Lin(2003) studied the relationship between the electricity consumption and the economic growth in China by applying co-integration analysis and VCEM model under the production function framework of the three elements [3] ; Zhongfu Tan (2008) analyzed the timing of the external impact's structural mutation on the relationship between energy demand and GDP in China, and established the term model of China's energy by applying co-integration introduction and error correction model on the basis of the above analysis [4] . In addition, with the rapid development of the urbanization level of China, the study on the relationship between energy consumption and urbanization has gradually become a hot spot. Yaobin Liu(2007) analyzed the relationship between the urbanization and the energy consumption during 1978-2005 in China on the basis of vector auto-regression model, and also quantitatively calculated the contribution shares of urbanization on the energy consumption in China by using factorization model [5] .
International Conference on Applied Social Science Research (ICASSR 2013) Xiaoping He(2009) conducted a comparative study and prediction on the electricity demand in the urbanization progress of China by applying panel data nonlinear model and co-integration model respectively [6] ; Pinjie Xie(2009) analyzed the interactional dynamic relationship between the urbanization and the electricity consumption level in China since China's reform and opening-up in both long term and short term [7] .
But comparatively speaking, the current researches on the influence effect of urbanization on the energy consumption are still weak, and the relationship between the two elements needs to be further studied. In addition, no paper has ever conducted a study on the combination of energy consumption, economic growth and urbanization. Therefore, this paper conducts an empirical study on the co-integration relationship and causality among the urbanization, the economic growth and the energy consumption during 1978-2010 in Shanghai City, so as to provide a reference for the achievement of economic society's sustainable development in the progression of Shanghai's urbanization.
III. Data and Econometric Methodology

A. Data
Energy consumption, economic growth and urbanization are studied under the same framework by applying multivariate analysis, and their relationship can be expressed as the following model:
In the formula, E t is energy consumption, it is measured by the total energy consumption of the whole society, and the unit is 10,000 tons of standard coal; Y t is variable of economic growth, it is measured by GDP and adjusted by the GDP index that has 1978 as the base period, and the unit is 100 million Yuan; U t is urbanization level, it is measured by "the proportion of the urbanization population in total population" of Shanghai City, and the unit is %. The above data are all from "Shanghai Statistical Yearbook Year 2011". As the adoption of natural logarithm from the variables won't change the co-integration relationship between them and also can eliminate the heteroscedasticity that may exist in the raw data, therefore, natural logarithm processing is conducted on the data of above three variables, and they are recorded as lnE, lnY and lnU respectively.
B. Econometric Methodology
The purpose of the empirical research in this paper is to test the causality among the variables, and there are three main steps: the first step is to conduct unit root test on the variables and test the stationarity of each variable; the second step is to test the co-integration relationship among the variables and also test whether there is long-term equilibrium relationship among the variables; the third step is to correct the model on the basis of vector error and test the causality among the variables.
Assuming that there is only one co-integration relationship, the error correction model of multi-variables is as follows: 
Among which: L is the lag operator, so (1-L) is the firstorder difference taken from relevant variables; α i (i=1,2,3) is constant term; ε it (i=1,2,3) is the stable white noise sequence; ECM t-1 is error correction term, that is the residual of standardized co-integration equation.
The vector error correction model can test short-term Granger causality, long-term Granger causality (weakly exogenous test) and strong Granger causality (long-term / short-term joint test). For example, the judgment on whether △ lnY t can cause △ lnE t in the short term is made through testing whether the lagged variable's parameter β 12i of △ lnY t is significant, its null hypothesis is H 0 : β 121 =…=β 12p =0, if the null hypothesis is rejected, short-term Granger causality from △ lnY t to △ lnE t would exist. Furthermore, if the test rejects the null hypothesis H 0 : θ=β 121 =…=β 12p =0, the long-term Granger causality from △ lnY t to △ lnE t would exist.
IV . Empirical results
A. Unit Root Tests Results
In the quantitative analysis, in order to prevent the spurious regression generated from the unstable macroeconomic variables, ADF test on the time sequence needs to be carried out at first place. In this paper, ADF test and PP test are applied to determine the stationarity of the variables. Combined with the graphics of each variable, it can be found that each level variable is qualified with relatively obvious trend, therefore, in the specific inspection process, test equations of level variables all have intercept and trend term while the test equations of difference sequence only contain intercept. The test results are shown in Table I . By considering the results of ADF test and PP test as a whole, it can be seen that the variable sequences involved in this paper are integrated of order one I(1) sequence. 
B. Cointegration Test Results
In this paper, the regression coefficient based Johansen co-integration test method is applied to analyze the co-integration relationship among urbanization, economic growth and energy consumption, which specifically include Trace test method and Max-Eigen test method specifically. As this method is conducted according to VAR model, the lag order of VAR model needs to be determined firstly before the cointegration test. The test results show that the application of LR, FPE, AIC and HQ indicates that the optimal lag order is 5. Based on VAR(5), the specific results of Johansen cointegration test are given, and they are shown in Table II . Among which, the trend hypothesis is that both sequence and co-integration equation have linear trend. As shown in Table II , both tests suggest the existence of cointegration vector among the variables at the 0.05 level, that is, there is a kind of long-run equilibrium relationship between them. The estimation results are given below: lnE = 2.1007+0.1896lnU+0.88501lnY-0.04482trend (3) (0.29332) (0.08449) (0.00736)
The figure in the parentheses of Formula (3) is the standard deviation of coefficient. It can be obtained that there is a longterm stable equilibrium relationship among the energy consumption, the economic growth and the urbanization level in Shanghai City. And from the aspect of growth stage, the elasticity coefficients of Shanghai's urbanization level and economic growth to the energy consumption level are respectively 0.1896 and 0.8850 since China's reform and opening-up. The above estimated results show that although urbanization and economic growth have significant positive effects on Shanghai's energy consumption quantity, their driving effects are not the same. Specifically, when the urbanization level and GDP of Shanghai City increase by 1%, the energy consumption level would correspondingly increase by 0.1896% and 0.8850%.
C. Error Correction Model
As there is a long-term equilibrium relationship among energy consumption, urbanization level and economic growth in Shanghai City, the short-term dynamic correlation among these three elements can be analyzed through establishing error correction model according to Granger representation theorem. Considering that the lag phase of error correction model is the lag phase of the first order difference variable of the unconstrained VAR model, and the optimal lag phase of the unconstrained VAR model that has been determined in the above part of paper is 5, therefore, the corresponding lag phase of error correction model adopts 4. Then, according to the inspection criteria which is from the general to the special, gradually eliminating the explanatory variables whose t statistic hasn't pass the 10% of significant level, and the following findings are respectively obtained are shown in Table III . Note: the figure in the parentheses is the t value of coefficient, and the figure in brackets is accompanying probability P value. JB test is used to test the normality of residuals; LM test and ARCH test are respectively used to test the serial correlation and the heteroscedasticity of residuals, and their lag order numbers are both 1 and 2.
The diagnostic results show that the fitting degree of the equation is generally better, the residuals have no significant phenomena of autocorrelation and heteroscedasticity, and except for △ (lnU), all of these meet the normal distribution and some other assumptions. In addition, in order to test the reliability of the final model set, recursive residual accumulation of each estimating equation and CUSUM are applied to test the parameter stability of model, the results show that the statistical volume is within plus or minus 5% of significantly level threshold, which indicates that the coefficient of the above error correction model is stable in sample period, therefore, it can be assumed that our estimation results are quite reliable.
It can be seen from Table III that the fluctuations of energy consumption are affected by itself and the fluctuations of urbanization level, and the fluctuations of economic growth have no effect on it in the short term. The regression coefficient of error correction items ECMt-1 hasn't passed the significance test, and it shows that in the short term, the longterm equilibrium relationship among energy consumption, urbanization and economic growth can hardly adjust the deviation of current energy consumption level from the equilibrium level, or energy consumption is the weakly exogenous variables about long-term parameters; the short-term changes in economic growth are only affected by itself and the energy consumption, and the urbanization level has no effect on it. It should be noted that the increase of the energy consumption level that lags for 3, 4 phases in the short term would restrain economic growth.
D. Granger Causality Analysis
By applying Granger causality test procedure of error correction model, Table 4 gives the Wald test results of the Granger causality between any two variables of energy consumption, urbanization level and economic growth in Shanghai City. Table IV shows that for the energy consumption in Shanghai City, Shanghai's urbanization is the Granger reason for its energy consumption whether in the long term or in the short term, but economic growth cannot be the Granger reason for its energy consumption in neither long term nor short term; for the economic growth in Shanghai City, although energy consumption and urbanization in Shanghai City cannot be its short-term Granger reason, they are the Granger reason that causes the economic growth in Shanghai City in the long term; for the urbanization in Shanghai city, energy consumption is its short-term Granger reason but not long-term reason, and on the contrary, economic growth is not the Granger reason for urbanization in the short term, but it is the Granger reason for urbanization in the long run. Note: χ2 is used to test statistical volume in the inspection process of above Granger causality, and the figure in brackets is accompanying probability P value.
V . Conclusions
Based on the annual data during 1978-2010 in Shanghai City, this paper studies the long-term equilibrium relationship, short-term dynamic relationship and Granger causality among Shanghai's urbanization level, economic growth and the whole society's energy consumption, and the following conclusions can be drawn from the results of the analysis:
(1) Although the urbanization progress, economic growth and energy consumption in Shanghai City are all integrated of order one I (1) sequence, there is a stable equilibrium relationship among them from the perspective of long term. There is a positive correlation between Shanghai's economic growth and urbanization and its energy consumption. But error correction model suggests that there are some differences between the short-term relationship and the long-term equilibrium relationship among Shanghai's urbanization level, economic growth and energy consumption, these three elements are in the positive correlation in the long term, but not in the short term, therefore, according to this point, some relevant departments should take a strategic height and at the same time should take the short-term effects into account.
(2) Shanghai's urbanization and its economic growth have no Granger causality in any direction in the short term, but they are the Granger reason of each other in the long term. The possible reason is that the index of "the proportion of urban population in the whole population" is applied to measure the urbanization level, but China's urban population statistics is from the household registration, and the urban-rural dual structure and the household registration system of urban-rural split which were formed in the planned economy period of China haven't been really broken up because of historical reasons, therefore, the urbanization level of population is largely constrained by relevant policies and systems and is less vulnerable to the impact of economic development, and at the same time the promotion of population urbanization can hardly promote economic development effectively in the short term. Therefore, the relevant government departments should accelerate the reform of household registration system, in order to achieve a better positive dynamic relationship of the mutual promotion and the reciprocal causation between economic growth and urbanization.
(3) Shanghai's economic development cannot be the Granger reason for energy consumption in either long term or short term, but energy consumption is the factor for economic growth in the long term. It can be seen that Shanghai's economic development cannot do without the input of energy. Therefore, in the promotion process of the population urbanization in Shanghai City, the measures like the adjustment of industrial structure, the transformation of economic growth method and so on should be taken to solve the energy constraint dilemma, so as to achieve its sustainable development.
